The efficiency of Commelina benghalensis leaves extract as a mild steel corrosion inhibitor in hydrochloric acid (HCl) and sulphuric acid (H2SO4) has been evaluated. The corrosion rates were determined using the gravimetric (weight loss) and electrochemical techniques. The results obtained in the absence and presence of Commelina benghalensis extracts were used to calculate the inhibition efficiency (%), and to propose the inhibition mechanism and adsorption type. The obtained results showed that the inhibition efficiency increased with the increase in concentration of Commelina benghalensis extract. The phenomenon of chemical adsorption was proposed, and the inhibitor adsorption was found to obey Langmuir, Temkin and kinetic thermodynamic models. The polarization study reveals that, in the inhibitor presence, the corrosion current value decreases, indicating the formation of a protective film on the metal surface, which prevents the electron release from it.
Introduction
Corrosion is a ubiquitous problem that continues to be of great relevance in a wide range of industrial applications and products. The use of corrosion inhibitors is the most economical and practical method in reducing corrosive attack on metals. Nevertheless, the popularity and use of synthetic compounds as corrosion inhibitors are diminishing, due to the strict environmental regulations, and to the toxic effects of synthetic compounds on human and animal life. In order to find out non-toxic, cheap and effective green corrosion inhibitors from renewable sources, many natural products have been used by researchers. Chraibi et al. have used M. piperita and M. pulegium essential oils for the corrosion control of mild steel in a 1.0 M hydrochloric acid solution [1] . These substances also have antibacterial activity. Evaluation of Alpinia galanga and its active principle, 1'-acetochavicol acetate, as an eco-friendly corrosion inhibitor on mild steel in acidic media, has been done by Ajeigbe et al. [2] . The anticorrosive activity of Schreabera swietenioids leaves as a green inhibitor for mild steel in an acidic solution has been reported by Sivakumar and Srikanth [3] . The corrosion inhibition of carbon steel in a 1 M H2SO4 solution by Thapsia villosa extracts was investigated by Kalla et al. [4] . The use of Piper longum extract as a green corrosion inhibitor for aluminium in a NaOH solution has been studied by Singh et al. [5] . Junior et al. have evaluated the antioxidant activity and corrosion inhibition by Brazilian plant extracts and their constituents [6] . The inhibition effect of some trees cultivated in arid regions, against the corrosion of steel reinforcement in an alkaline chloride solution, has been evaluated by Etteyeb et al. [7] . Mott-Schottky analysis showed the formation of a passive layer on the metallic surface. EIS results suggest an increase in carbon steel corrosion resistance, in the plants extract presence, comparatively to the blank systems. Furthermore, SEM and EDS analyses corroborate these results. An eco-friendly inhibitor for mild steel corrosion made from Pennisetum purpureum biomass and synergistic intensifiers has been formulated by Ituen et al. [8] . Kinetic data treatment indicated an increase in the energy barrier by intensifier ions. The results demonstrate that elephant grass extract, blended with halide ions, can act as an alternative eco-friendly inhibitor for mild steel, at elevated temperatures. Dos Santos et al. have investigated carbon steel corrosion inhibition in acidic chloride by Mangiferin. The results showed that carbon steel exposed to this medium containing Mangiferin had a reduction in the mass loss process and a higher electrochemical behavior, relatively to the carbon steel samples exposed to the same medium, in Mangiferin absence. These results suggest that Mangiferin shows an inhibitory action on the carbon steel corrosion process, in the studied conditions [9] . Umoren et al. have evaluated mustard seed extract (MSE) as an eco-friendly corrosion inhibitor for X60 steel in acidic media [10] . The obtained results show that MSE inhibited steel corrosion in both media, which was more pronounced in H2SO4 than in HCl environments. The inhibition efficiency increased with higher extract concentrations, but decreased with increased temperatures. The potentiodynamic polarization studies revealed that MSE functions as a mixedtype inhibitor. The corrosion inhibition is assumed to occur via adsorption of the extract components onto the steel surface, which was found to obey Langmuir adsorption isotherm model. The morphology of the corroding steel surface, in the absence and presence of the mustard seed extract, was visualized using scanning electron microscopy. Rajendran et al. have used extracts of various plant materials, such as henna leaves, curcumin, caffeine and spirulina, to control metals corrosion . The present work was undertaken to evaluate the inhibition efficiency of an aqueous extract of Commelina benghalensis leaves against mild steel corrosion in hydrochloric acid and sulphuric acid media. Weight loss and electrochemical methods, such as polarization study and AC impedance spectra, have been used.
Materials and methods
The extract of Commelina benghalensis leaves was used as corrosion inhibitor in the present study. The leaves and flowers of Commelina benghalensis are shown in Fig. 1 . The botanical details of Commelina benghalensis are given below: it belongs to the Commelinaceae family. The Tamil name is "Kanavazhiain". In China, it is used as a medicinal herb that is said to have diuretic, febrifugal and antiinflammatory effects, while in Pakistan it is used to cure skin swellings, leprosy, and as a laxative. The phyto-chemical screening of Commelina benghalensis leaves extract is given in Table 1 [37] . 
Extract preparation Cold percolation method
The leaves were collected, shade dried and powdered. About 1 g of the powdered leaves was macerated with 1000 mL of double distilled water, tightly covered with aluminium foil, and kept for 24 hrs. After 24 hrs, the macerated extract was filtered by a Whatmann filter paper. From the extract, the various concentrations were prepared.
Used materials and chemicals
Mild steel specimens (Wt %: 0.026%-S, 0.06%-P, 0.4%-Mn, 0.1%-C, and the remainder iron) with the dimensions 1 x 5 x 0.2 cm were abraded to mirror finish, degreased with acetone, and used for the weight loss method. For the polarization study, a cylindrical mild steel rod embedded in Teflon, with an exposed area of 1 cm 2 , was used. The electrodes were abraded with emery papers of 0/0, 2/0, 3/0, and 4/0 grades, degreased with acetone, dried and used.
Weight loss method
Weight loss measurements were performed in 1 M HCl and 0.5 M H2SO4, with and without the inhibitor presence. Inhibition efficiencies for various inhibitor concentrations were calculated using the relation:
where W0 = weight loss in blank and Wi = weight loss in the inhibitor presence.
Electrochemical studies
The polarization study and AC impedance spectra were recorded in a potentiostat. The experiments were recorded in a three electrodes cell assembly, which is shown in Scheme 1.
Scheme 1. Three electrodes cell.
Mild steel was used as working electrode. A saturated calomel electrode (SCE) was used as reference electrode. A platinum foil (2 cm 2 ) was used as counter electrode. The used working electrode was a mild steel rod of the same composition, embedded in araldite, and with an exposed area of 1 cm 2 .
From the potentiodynamic polarization study, the corrosion current, corrosion potential and the Tafel slopes were derived. From AC impedance spectra, the charge transfer resistance and double layer capacitance were calculated. The counter electrode area is much larger compared to the working electrode area. This will exert a uniform potential field on the working electrode. 100 mL of the test solution were taken in a polarization cell. The working electrode was successively abraded with 0/0, 1/0, 2/0, 3/0, and 4/0 emery papers, and degreased with acetone. The working electrode, reference and auxiliary platinum electrodes were assembled, and connections were made. Stirring was provided to the test solutions, to avoid the system concentrations polarization before the experiment start. A time interval of about 30 min was given for the system to attain its state, and open circuit potential was recorded.
Results and discussion

Weight loss studies
The inhibition efficiency of Commelina benghalensis leaves extract in controlling mild steel corrosion in 0.5 M H2SO4 has been evaluated by the weight loss method. Tables 2 and 3 give the inhibition efficiency of different concentrations of Commelina benghalensis leaves extract in 1 N HCl and 0.5 M H2SO4, respectively. It was observed that, as the inhibitor concentration increased, the inhibition efficiency also increased. 900 ppm of inhibitor offered 93.40 % inhibition efficiency in 1 N HCl, and 85.71% in 0.5 M H2SO4. 
Adsorption isotherms
Adsorption isotherms are usually used to describe the adsorption process. Adsorption isotherms are very important to determine the organoelectrochemical reaction mechanism. The most frequently used isotherms include: Langmuir, Temkin, Flory-Huggins, and the recently formulated thermodynamic/kinetic model of El-Awady et al. The use of adsorption isotherms that describe the adsorption of a corrosion inhibitor can provide important clues about the nature of the metal-inhibitor interaction. Adsorption of the organic molecules occurs when the interaction energy between the molecules and the metal surface is higher than that between the H2O molecules and the metal surface. It is important to know the adsorption mode, to understand this part of the study. 
Langmuir isotherm
In order to obtain the adsorption isotherm, the degree of surface coverage (Ө) for various inhibitor concentrations has been calculated according to its equation. Langmuir isotherm was tested for its fit to the experimental data. Langmuir isotherm is given by:
where Ө is the degree of surface coverage, C is the molar inhibitor in the bulk solution and Kads is the equilibrium constant of the adsorption process. Langmuir isotherm assumes that the metal surface contains a fixed number of adsorption sites, and that each site holds one adsorbate; ∆G 0 ads is the same for all sites, and it is independent from Ө; the adsorbates do not interact with each other, i.e., there is no effect of the adsorbates lateral interaction on ∆G 0 ads. It is important to know this part of the study. Tables 4 and 5 show that the obtained values were fitted to Langmuir isotherm, and the best fit to the experimental data was obtained. The plot of log logӨ/(1-Ө) vs. log C is a straight line as shown in Figs. 2 and 3 . Thus, the Langmuir isotherm is valid for the inhibitor. 
Temkin adsorption isotherm
The Temkin adsorption isotherm is given by the expression:
where 'K' is the adsorption equilibrium constant, and 'a' is the lateral interaction parameter. Tables 6 and 7 show the Temkin isotherm values, and Figs. 4 and 5 show the plots of (2+log C) against θ, at various temperatures. The linear plot indicates that Temkin adsorption isotherm was obeyed, and 'a' negative value indicated repulsion in the adsorption layer. 
Flory-Huggins adsorption isotherm
Flory-Huggins adsorption isotherm is given by the expression, log θ/c = log K + x log (1-θ)
where 'x' is the size parameter, and it is a measure of the number of adsorbed water molecules substituted by an inhibitor molecule. Tables 8 and 9 and the linear plot of 3+log Ө/C against 3+log (1-Ө) (Figs. 6 and 7) show that FloryHuggins isotherm was obeyed. Table 9 . Flory-Huggins adsorption isotherm for mild steel corrosion inhibition in 0.5 M H2SO4, using Commelina benghalensis leaves extract. 
El-Awady isotherm
El-Awady isotherm is given by the expression:
log (θ/1-θ) = log Kads + y log C where Kads is the equilibrium constant of the adsorption process, calculated by the relationship, Kads = 1/k. Tables 10 and 11 , and a linear plot of 2+log (θ/1-θ) against 2+log C (Figs. 8 and 9 ), show that El-Awady isotherm was obeyed. Tables 12 and 13, ∆G 0 ads values were found to be negative, and were below the threshold value of -40kJ/mol, indicating that the adsorption of Commelina benghalensis onto a mild steel surface is spontaneous, and that the physical adsorption mechanism is applicable. Figure 9 . El-Awady adsorption isotherm for mild steel corrosion inhibition in 0.5 M H2SO4, using Commelina benghalensis leaves extract. Table 13 . Adsorption isotherms parameter for mild steel corrosion inhibition in 0.5 M H2SO4, using Commelina benghalensis leaves extract. 
Potentiodynamic polarization studies
The polarization study has been used to investigate the formation of a protective film during the corrosion inhibition study. Whenever there is corrosion inhibition, the corrosion current value decreases [38] [39] [40] [41] [42] . Tables 14 and 15 and Figs. 10 to 15 give the potentiodynamic parameter values, such as corrosion current (Icorr), corrosion potential (Ecorr) and the cathodic Tafel slopes (bc and ba) for the different concentrations shown in the green inhibitor under study. It can be seen that the active principles present in the extract have been adsorbed onto the metal surface. When the inhibitor concentration is 100 ppm, the system functions as a mixed type inhibitor, because the shift in corrosion potential is within 80 mV. However, at higher concentrations (900 ppm), the system functions as a cathodic type inhibitor, because the shift in the corrosion potential is towards the cathodic side (more negative). AC impedance study AC impedance spectra have been used to investigate the formation of a protective film on the metal surface, during the corrosion inhibition process. When there is corrosion inhibition, charge transfer resistance value increases, and double layer capacitance decreases [43] [44] [45] [46] [47] [48] . Tables 16 and 18 Tables 17 and 19 that there is a close agreement between the inhibition efficiencies values obtained from weight loss measurements, polarization and impedance studies. In the inhibitor presence, a protective film is formed on the metal surface. It prevents electrons transfer from the metal surface to the solution's bulk. That is why there is an increase in the resistance to the electron transfer, and, in the inhibitor presence, the charge transfer resistance increases. It is inferred from the Nyquist plots that the process represents simple corrosion and corrosion resistance. The equivalent circuit diagram for such a system is shown in Fig. 22 . 
Conclusion
The inhibitive influence of Commelina benghalensis leaves extract on mild steel corrosion in 1 N HCl and 0.5 M H2SO4 was studied by the weight loss method, polarization and impedance measurements. The inhibition efficiency values determined by these techniques showed close agreement. The corrosion decreased with the increasing addition of Commelina benghalensis leaves extract, probably due to the progressive adsorption of the inhibitor onto the metal surface. The maximum inhibition efficiency was found to be 93.40% in 1 N HCl, and 85.71% in 0.5 M H2SO4.
1. Mild steel corrosion in 1 N HCl and 0.5 M H2SO4 solutions was inhibited by the addition of Commelina benghalensis leaves extract. 2. The percentage of inhibition efficiency increased with higher inhibitor concentrations. 3. The corrosion inhibition of Commelina benghalensis leaves extract is attributed to the adsorption of any of the phyto-chemical components present in the inhibitor onto the mild steel surface. The adsorption was assumed to arise from the -bond of the components onto the mild steel surface. 4 . The values obtained from the weight loss technique for the studied inhibitor fit into the Langmuir and Temkin adsorption isotherms and the kinetic thermodynamic model. The free energy values for the adsorption processes indicate both physisorption and chemisorption (comprehensive adsorption) of the studied Commelina benghalensis leaves extract onto the mild steel surface. 5. AC impedance studies reveal that a protective film was formed on the metal surface. 6. The results suggest that Commelina benghalensis leaves extract is a great eco-friendly inhibitor. 7. The corrosion inhibition mechanism occurred by adsorption of the active principles of the extract ingredients onto the metal surface.
